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ABSTRACT

Red light of about 660 mp has been shown to promote the germina-
tion of Lactuca sativa var. Grand Rapids seeds and to cause the
unfolding of the hypocotyl hook of Phaseolus vulgaris L. var. Black
Valentine. In both cases, the effect of red light was reversed by
far-red light at about 730 my.

Ethylene promoted the germination of lettuce seeds and caused
a negative curvature of bean hooks. Red light stimulated ethylene
production from lettuce seeds but it inhibited ethylene production
from the bean hooks. Lettuce seed germination and bean hook
unfolding seem to be examples in which phytochrome promotes or
inhibits the formation of ethylene that, in turn, appears to control
the physiological response.




£,  [WTEODUCTLOMN

Phyoslologlen!l processes fe plants influenced by ethylene include
rbscission, dermuncy, eplnasty, flowering, fruit ripening, growth inhibition,
membrane pecacabilley, root iultilLiou, and swelling. Burg hae revicwed
these and other offects of the pas. ccasicually these processes ave algo

influenced by other grouth regulators, and evidence is rapidlg uccumulatinv
that some of the effeces of 1ndolcacetic acid,®-8 herbicides,”"
gibberellin,” and abscisin I1® are mediated through ethylene.

This paper presents evidence that ethylene production is under photo-
control and that some of the effects of light on plante muy be mediated
through ethyloene.

II. MATERIALS AND METHODS

Seeds of Lactuca sativa var, Grand Rapida were germinated in gas-
collection bottles described previously* containing 10 ml of 1.5% agar.
FEach bottle contained 110 mg of seeds {(about 100). During the lé6-hour
imbibition period, the seeds were exposed to far-red light.

. Seedlings of Phaseolus vulgaris var. Black Valentine were grown in i %
the dark in vermiculite for 6 to 7 days. Methods for harvesting, handlinﬁ, i
and determining the hook opening followed those described by Klein et al.'® 7
Ten hypocotyl hooks were set, base down, in /9 ml of 1.5% agar in 125-ml
Erlenmeyer flasks sealed with rubber vaccine caps.

Far~ved light was provided by a 150-watt incandescent bulb and was
filtered by a Corning 165-mm square filter (Glass No. 2600 CS 7-69). For
red light, the filter was a far-red Corning filter (Glass No. 3961 CS 1-56).
Except for exposure to red or far-red light, all manipulations weres
performed under a grecn light (Corning filter CS 5-75) that had no effect
on seed germination or hook opening. A temperature of 24+2 C was main-
tained during the experiments.

Levels of ethylene surrounding the experimental material were
determined by gas chromatography.
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LIt. DRESULTS

7R

e oitect of bight on hock openlng 1s shown in Table 1. Hooks were
cavtsed from 6 to /-day-old bean scedlings, placed on moist paper toweling
Lo neralt the cscape of echylene from wounded sections, then placed base
down in agar and given Light treatments (Table 1), The position of the
bottles was shitfted hourly during the light exposure so. that incident
cinergy was distributed as uniformly as possible. As observed earlier by
others,*® the hook openiug was stimulated by red light and innibited by
far-red light.  Red light inhibited ethylene production from the hypocotyl
sections and far-red light stimulated ethylene production. Data in the
column headed £ Curvature are the final curvature minus the initial
curvature as deterwincd by the methods f Klein et al.}® A positive value
indicates that the hook opened and a negative value indicates that the
nool cloged. Addition of 1 ppm ethy.2ne to the gas phase surrounding the
hooks resulted in a / curvature of -40 degrees even in the presence of red
light.

TABLE 1. EFFECT OF LIGHT ON HOOK OPENING OF
BLACK VALENTINE BEANS

Treatment & Curvature,2/ CaH, in Gas Phase, ppm
0 tc 5 hours 5 to 10 houre degrees 0 to 12 hours 12 to 18 hours
dark dark -11 0.48 0.12
red dark +20 0.36 0.11
red red +i6 0.38 0.07
red tar-red -16 0.55 0.14
dark far-red -12 0.59 0.18,

a. Initial curvatures of the hooks average 15 degrees. Final curvatures
measured 31 hours after they were excised from the seedling.

The effect of red and far-red light on ethylene evolution and germination
of lettuce seeds is shown in Table 2., 1In this experiment seeds were allowed
to imbibe water for 16 hours in the presence of the far-red light source.

The bottles were placed 10 to 16 cm from the incandescent light bulb and a
fan was placed nearby to reduce the effects of heating. After that time,

the bottles were placed either in the dark or given the treatments indicated.
Germination and accumulation of ethylene in the gas phase was measured 24
hours later. As shown in Table 2, 1 hour of red light -after the l6-hour
imbibition period in far-red light stimulated ethylene production. This
stimulation wags blocked by a terminal far-red exposure and enhanced by a
terminal red exposure. Table 2 also shows that ethylene stimulated the
germination of seeds receiving both red and far-red light treatments.




TABLE 2. EFUBCT OF LIGHT ON ETHYLENE EVOLUTION AND
CERMINATION OF GRAND ®RAPIDS LETTUCE SEEDS

Ethylene in Gas Phase,D/

Voot onri/ Germination, 7 ppm
[ 50 1.1
FR-R 82 1.7
F-2-FR 0 0.8
FR-R~FR«R 86 2.2
FR-R + 10 ppm ethylene 89 -
FR + 10 ppu ethylene 71 -

a. FR = dark; FR-R = l-hour expcsure to red light; FR-R-FR = additional
1-hour exposure to far-red light; FR-R~FR-R = additional 1l-hour
exposure to red light.

b. Bottles were sealed after the last light treatment, and ethylene wus
measured 24 hours later,

IV, DISCUSSION

Kang et al.” reported that red light inhibited the production of
ethylene from bean hypocotyls and that ethylene stimulated hook closing.
Our observations confirm this report and suggest that this is a true
phytochrome effect because it was reversed by far-red light. Barlier,
Goeschl and Pratt'“ reported that morphological responses to light,
including the opening of the pea (Pisum sativum L. var. Alaska) hook,
could be reversed by ethylene. It appears that in hook tissue, ethylene 3
production is inhibited when phytochrome is in the far-red absorbing a8
form and stimulated when it is in the red absorbing form.

The observation that ethylene promotes the germivation of seeds
has been reported earlier by a number of workers.'®~'7 The observation
reported here extends this effect of ethylene to another species. As
shown in Table 2, a terminal germination-promoting red exposure .
stimulated ethylene production; a germination-inhibiting far-red exposure -y
inhibited ethylene production. These results suggest that light may
regulate ethylene evolution which, in turn, regulates germination.
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The method through which phytochrome controls ethylene production is
unknown. However, the observation that phytochrome does control ethylene
production in bean seedlings and in lettuce seeds suggesta possible
explanations for other vhysiological processes. Red 1ight ccimulate~ the
formation of pigments associated with ripening in tomato*® and apple
skine., That ethylene does accel=rate ripening has been well documentec.’
Red light during the long dark induction period inhibits the f[lowering
of cocklebur (Xanthiun penqylvanicum walln.).? Recently, ethylene has beren

shown to have the same effect.®

The number of phytochrome-medisted processes that are mimicked by
ethylenz remaina to be established, but it appears now that this simple
hydrocarbon gas acts as an intermediate in some phytoct ome-mediated
processes a3 well 3s in some procesges mediated by auxin, herbicide,
gibberellin, and abscisin I1I.
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1. ABITRACY

Red light of about 660 mu has been shown to promote the germination of lLactuca
sativa var. Crand Rapids seeds and to cause the unfolding of the hypocotyl hook of
Phaseolus vulgaris L. var, Black Valentine. In both cases, the effect of rod light
wag reversed by far-red light at about 730 mu.

Ethylene promoted the germination of lettuce seeds and caused a negative
curvature of bean hooks. Red light stimulated ethylene production from lettuce
gseeds but it inhibited ethylene production from the bean hooks. Lettuce seed
germination and bean hook unfolding seew to be examples in which phytochrome
promotes or inhibits the formation of ethylene that, in turn, appears to control
the physiological responge,
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